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From: Kwan, Joseph P (CO)
To: Raymond Chavira/R9/USEPA/US@EPA
Cc: Pete MacNicholl (pmacnich@dtsc.ca.gov); tom.perina@ch2m.com; john.dolegowski@ch2m.com;


artemis.antipas@ch2m.com; kerang.sun@ch2m.com; jgallinatti@geosyntec.com; Niemeyer, Linda (CO) (Contr);
Matthew Nelson; Mike Purchase; Lewis, Richard (ESS) (Contr); jgwinn@orionenv.com


Subject: Benchmark Data Quality Objectives Process Steps 1-7
Date: 04/26/2012 10:27 PM
Attachments: 2012-0426-Benchmark-ltr to EPA-transmit Draft DQO Problem Statements 1-7.pdf


2012-0426-Benchmark-DRAFT CSM.docx
2012-0426-Benchmark-DRAFT CSM Table A-1 Site Chronology.docx
2012-0426-Benchmark-ltr to EPA-transmit Draft DQO Problem Statements 1-7.pdf


Ray – Attached are the following Benchmark documents submitted for your review and comment:
 


·         Transmittal letter to EPA.
·         Draft DQO steps 1 through 7 prepared for the seven problem statements that were agreed


upon during the 9 March 2012 meeting with EPA and DTSC, and updated by EPA in an
attachment to an e-mail dated 23 March 2012.


·         Draft Conceptual Site Model (CSM).
·         Draft CSM Table A-1 - Site Chronology.


 
Please note that most of the above referenced documents have been uploaded to Orion’s FTP site. 
This site can be accessed through the following link:
http://ftp2.orionenv.com/dm/index.php?interface=download&hash=fc26bdfff22214f336ddf3982b5c6399
 
Please call me if you have any questions.
 
-Joe-
 
Joseph P. Kwan
Corporate Director, Environmental Remediation
Northrop Grumman Corporation
2980 Fairview Park Drive
Falls Church, VA 22042-4511
703-280-4035
310-622-5393 cell
Joe.Kwan@ngc.com
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26 April 2012 
 
Mr. Raymond Chavira 
Remedial Project Manager 
U.S. Environmental Protection Agency - Region 9 
75 Hawthorne Street, SFD-7-3 
San Francisco, California 94105 
 
Re: Draft Data Quality Objectives Process Steps 1 through 7 



Shallow Zone South of Puente Creek 
 
Dear Mr. Chavira: 
 
The draft Data Quality Objectives (DQO) Process steps 1 though 7 for the Shallow 
Zone South of Puente Creek are attached for your review and comment.  Draft DQO 
steps 1 through 7 were prepared for the seven problem statements developed during 
a meeting with Northrop Grumman Systems Corporation, U.S. Environmental 
Protection Agency (USEPA), and California Department of Toxics Substances Control 
(DTSC) on 9 March 2012 and the follow-up conference call on 18 April 2012.  USEPA 
e-mailed revisions to steps 1 through 4 on 17 April 2012 and those revisions have 
been incorporated in the attached document. 
 
As previously agreed, this draft submittal of DQO steps 1 through 7 includes an 
updated site background and Conceptual Site Model that incorporates previous 
USEPA and DTSC comments,.   
 
Please do not hesitate to let me know if you have any questions. 
 
Sincerely, 
 
 
 
Joseph P. Kwan 
Corporate Director, Environmental Remediation 
on behalf of Northrop Grumman Systems Corporation 



 
Attachment - Draft Data Quality Objectives Steps 1 through 7 
 
cc:  Pete MacNicholl - DTSC 










	





APPENDIX A


CONCEPTUAL SITE MODEL


The conceptual site model (CSM) has been prepared to provide a basic framework for describing the site conditions, discussing differing interpretations of the hydrostratigraphy, and identifying data gaps to meet the remedial objectives for the site.  


Background


Unilateral Administrative Order 2011-14 (UAO) was issued to Northrop Grumman Systems Corporation (Northrop Grumman) by U.S. Environmental Protection Agency (USEPA) on 16 September 2011 (USEPA, 2011).  As defined by USEPA in the UAO, the “Shallow Zone South of Puente Creek (SZ-South) shall mean the shallow zone of the Puente Valley Operable Unit (PVOU) aquifer, as referenced in the Record of Decision and Explanation of Significant Differences (ESD), that lies south of Puente Creek and is bounded on the east, west, and south by the extent of shallow zone contamination.  Puente Creek, a surface water reconveyance channel located in Los Angeles County, lies above the underlying shallow zone groundwater and shall serve as the northern physical boundary for the Shallow Zone South of Puente Creek remedy”(Figure 1).  The former TRW Benchmark site (Benchmark) is located in the area defined as the SZ-South. There are other sites located in the SZ-South that have contributed to the SZ plume and are not discussed in this CSM.


Sources of Contamination 


The Benchmark facility (the property) was used for manufacturing and assembly of printed circuit boards from 1955 through mid-1989.  Activities at the site that used chemicals included plating, etching, photographic processing, degreasing, distillation, and neutralization.  Before 1955, the property was used for agricultural purposes (Woodward-Clyde, 1992).  


The available information on historical property and chemical use is based on interviews with Benchmark facility manager conducted in 1986 and long-term facility employees in 1987 (Woodward-Clyde, 1988).  Woodward-Clyde Consultants (Woodward-Clyde) defined several areas of former chemical use and storage, designated on Figure 2 as Area A through Area L.  


Chromium, Copper, and Cyanide Usage


Blank printed circuit boards were coated in copper, which was removed by chemical etching, leaving only the desired copper traces.  Etching was performed by using various types of acids, including chromic acid.  The etchant eventually became saturated with copper and was regenerated or replaced.  Spent chromic acid was neutralized in the chrome sump before discharge to the sewer.  The chrome sump was located between Areas A and B (Figure 2).  


Process wastewater containing high levels of copper was sent to a clarifier located west of Area D before discharge to the sewer (Figure 2).  Because of green soil encountered during demolition, this clarifier became known as the “copper sump.”  Another wastewater clarifier was installed in the northwest corner of the site west of Area C in 1968 (per verbal communication with the plant manager in 1986; Figure 2).  This area was also referred to as the acid neutralization tanks (Woodward-Clyde, 1992).


Cyanide is a compound that was typically used in the printed circuit board plating process to help maintain a constant metal ion level and increase the conductivity of the solution.  Cyanide may have been used in the copper plating bath at the Benchmark site.  


Spent Acids and Caustics


Spent acids and caustics used as etchants and plating solutions at the site are the likely source of copper, chromium, and cyanide in soil and groundwater.  Spent acids and caustics were stored in tanks located in Area E.  The acid and caustic storage was moved in 1983 to five tanks located near the manufacturing building (Figure 2).  


Spent acids and caustics were also temporarily stored in drums, before batch treatment in the facility reclamation system, within the fenced enclosure on the easterly side of the property (Figure 2).  Following initial reclamation, the remaining sludge was returned to the supplier of the acids and caustics for further reclamation and final disposition.  The fenced area on the eastern side of the property was also used for empty chemical drum storage.


Solvent Usage


Several solvents were used in the manufacturing processes at the facility since 1955.  According to Benchmark personnel, solvent use, storage, and regeneration occurred at the property in the following areas:


· Solvent Strippers (Areas A and B)


Toluene and xylenes were used as strippers from approximately 1956 to 1967.


· Degreasing Process (Areas B and C)


Trichloroethene (TCE) was used in a degreaser from 1961 to 1969.


· Storage Area (Area D)


TCE was stored in a 3,000-gallon bulk storage tank.


· Aboveground Storage Tanks (Area E; methylene chloride and 1,1,1‑trichloroethane [1,1,1-TCA])


A tank farm with multiple above ground tanks was installed in the mid-1960's.  A still system for the reclamation of spent methylene chloride and a tank for sludge (1,1,1‑TCA and methylene chloride) were also located in this area.  


· Underground Piping Runs (Area F; 1,1,1-TCA and methylene chloride)


Three pipes carried 1,1,1-TCA and methylene chloride from the tank farm (Area E) to the manufacturing building in the mid 1960s.  The pipes were enclosed inside a 5-foot-diameter, concrete-lined, subsurface utility tunnel.  Two pipes carried fresh 1,1,1-TCA and methylene chloride to the building, and one pipe carried spent methylene chloride back to the still.


· Solvent Strippers (Areas G, H, and I; methylene chloride)


Methylene chloride was used in the solvent strippers located in Area G and Area H from the mid-1960's.  In 1983, the two strippers were moved to Area I and operated until 1985, when the use of methylene chloride at the facility was discontinued.


· Developer and Still (Area J; 1,1,1-TCA)


1,1,1-TCA was used in the developer in the photo process room from the early 1970's until the mid-1980's.  Reclamation of spent 1,1,1-TCA was conducted in the still at the same location.  1,1,1-TCA was stored in 55‑gallon drums in this area in 1987.


· Stripper Processes (Area K; methylene chloride)


Methylene chloride was used in open pans in the equipment shed, at one end of the chemical storage building, from the late 1960's to the mid-1970's.  This area also included a metal holding tank for the recirculation of water used in the rinsing of a soluble hot oil treatment.


· Storage Area (Area L; methyl ethyl ketone [MEK], acetone, and isopropyl alcohol)


Other chemical storage at the facility was in Area L, where flammable liquids (MEK, acetone, and isopropyl alcohol) were stored from the mid-1960's to 1983.  These chemicals were dispensed in a metal shed constructed in 1983 as the flammable liquid dispensing area (Figure 2).


· Storage Area (tanks on east side of building)


In 1987, there were five tanks on the east side of building number 3 that stored both clean and spent non-chlorinated compounds (Figure 2).


The use of solvents at the facility had decreased significantly or had been eliminated as of 1985.  The amount of annual solvent usage at the property from 1980 to 1986, as documented in annual reports to the South Coast Air Quality Management District, is presented in the following table (Woodward Clyde, 1992).  


			Solvent


			Amount Used Annually 1980 to 1986 (in gallons)





			


			1980


			1981


			1982


			1983


			1984


			1985


			1986





			1,1,1-TCA


			17,000


			Not Available (NA)


			8,000


			7,000


			9,000


			2,000


			965





			Methylene Chloride


			29,500


			NA


			21,000


			24,000


			39,000


			8,000


			0





			MEK


			275


			NA


			160


			300


			610


			385


			165





			Isopropyl Alcohol


			0


			NA


			50


			150


			20


			5


			8








In 1985, an aqueous process using soda ash replaced the previous process that used 1,1,1‑TCA as a developer and methylene chloride as a stripper (Woodward-Clyde, 1988).  A small amount of 1,1,1‑TCA was used as a degreaser in the developer and still area as of 1987.  Figure 2 illustrates the areas of solvent use, in addition to the other chemical storage.  The aboveground storage tanks and the associated underground pipes were no longer in operation for the storage and transport of solvents in 1987.


Contaminants of Concern 


Several chlorinated solvents and other chemicals were used in the manufacturing processes at Benchmark throughout its history (Woodward-Clyde, 1987 and 1988) including:


			· Acetone


			· Toluene





			· Chromium


			· TCE





			· Copper


			· 1,1,1-TCA





			· Cyanide


			· Chromic Acid





			· Isopropyl Alcohol


			· Unknown Caustics





			· Methylene Chloride


			· Xylenes





			· MEK


			 








Contaminants of concern (COCs) include the following:


· Chemicals used on site during the manufacturing process (listed above)


· Breakdown products of chlorinated solvents that degrade over time following abiotic or biotic pathways including 1,1‑dichloroethene (1,1-DCE; an abiotic breakdown product of 1,1,1-TCA), 1,1-dichloroethane (1,1-DCA), 1,2‑DCA, cis-1,2-DCE, trans-1,2-DCE, vinyl chloride, bromoform, chloroform, and chloromethane


· Chemical additives such as 1,4-dioxane, which was added to 1,1,1-TCA as a stabilizer for storage and transport, or compounds that potentially could have been present in small amounts as impurities in the source solvents, such as tetrachloroethene (PCE), 1,1,2,2-tetrachloroethane, and 1,1,2‑TCA


· Other regional chemicals of concern detected in PVOU groundwater including dichlorodifluoromethane, trichlorofluoromethane, arsenic, and nitrate.


A list of target compounds for the SZ-South is included in Tables B-1 through B-4 and Table B-8 of Appendix B.


Site Physical Characteristics 


The property was not developed before 1955 (aerial photography review, Woodward-Clyde, 1988).  According to Benchmark personnel, the manufacturing building was constructed in three phases in 1955, 1960, and 1967 (Figure 2; Woodward-Clyde, 1988).  The paving sequence had a similar history, with all of Lot 5 and half of Lot 6 paved in 1957, and the remainder of Lot 6 and all of Lot 7 paved in approximately 1970 (Figure 2).  Surface drainage at the property was conducted through concrete gutters, which ran to the west toward Turnbull Canyon Road, parallel with the manufacturing building.  The manufacturing building and all paving were demolished in 1990 before soil remediation activities began.  From 1990 to 1999, the property was unpaved and used for soil and groundwater remediation activities.


In September 1999, Trammell Crow (the current property owner) redeveloped the property.  A concrete tilt-up building measuring 210 feet by 880 feet (approximately 185,000 square feet) was constructed over a majority of the property.  The building is used as a warehouse.  The remaining areas of the property are paved.


The area between the property and Nelson Avenue is mostly commercial/industrial properties and roadways.  The majority of this area is either covered by buildings or paved.  The area between Nelson Avenue and Puente Creek is residential and includes unpaved areas around the homes.


Topography


The property is located in the southern San Gabriel Valley in the northern portion of the Los Angeles Basin.  The valley is bordered by the San Gabriel Mountains to the north and by a crescent-shaped series of low hills from the southwest to southeast.  The low hills to the south and east of the site consist of the Puente Hills and the San Jose Hills.  The ground surface elevation at the property and north to Puente Creek is relatively flat with elevations ranging from 308 to 320 feet above mean sea level (msl) from the west to the east.


Subsurface Lithology and Hydrogeology


The SZ-South covers approximately 170 acres and is situated in the cities of Industry and La Puente in eastern Los Angeles County, California.  A series of investigations and testing have been conducted between the property and Puente Creek (SZ-South) from 1987 to the present.  The lithology beneath the property and vicinity has been investigated to a depth of approximately 300 feet during previous site investigations conducted by Woodward-Clyde and Orion Environmental Inc. (Orion; Table A-1).  The subsurface in the SZ-South consists of alluvial valley sediments that have been deposited from the surrounding highlands within the Puente Basin, which is a sub-basin of the larger San Gabriel Basin.  The subsurface sediments are composed of alluvial deposits that range from coarse sands and gravels to fine-grained silts and clays.  The water bearing sediments are considered Pleistocene to Recent in age and extend to depths of approximately 200 to 800 feet below ground surface (bgs).


Groundwater


The depth to groundwater varies over time due to seasonal drought and recharge events as well as regional recharge trends.  Graphs of historical water-level elevations vs. time from 1987 to present for selected wells are shown on Figure 3.  The highest water table elevations were observed from 1995 into 1999.  Depth to groundwater (i.e., the water table) measurements in December 2011 varied between 34 to 48 feet bgs at the property to about 67 to 70 feet bgs along Nelson Avenue.  A general downward hydraulic gradient (piezometric head differences of 6 to 10 feet) is observed between the more permeable sand units, which are typically interbedded with lower permeability silts and clays.  The only noted exception to this trend is an upward gradient observed on Flagstaff Street between wells PZ-1 (screened from 116 to 121 feet bgs) and PZ-2 (screened from 125 to 140 feet bgs), where well PZ-2 has a higher piezometric head value by approximately 1 foot. 


Hydraulic conductivities vary greatly both vertically and horizontally due to the variable amount of fine-grained sediments present.  Transmissivity based on pump tests in the extraction wells on Nelson Avenue (Orion, 2007) ranges between 4,800 to 16,100 gallons per day per foot (gpd/ft; 6.9 to 23.1 centimeters squared per second [cm2/sec]) with an average of four tests being 12,175 gpd/ft (17.0 cm2/sec).  Transmissivity determined from a pump test at onsite well W9 (Woodward-Clyde, 1994) is 112.2 gpd/ft (0.1612 cm2/sec).


During drilling operations, some layers were identified that exhibit very dense properties not typical of alluvial sand deposits.  In a meeting on 31 January 2012, the California Department of Toxic Substances Control suggested that these dense areas may be evidence of compaction from faulting activity in the basin.  


Groundwater flow direction can vary from one permeable sand unit to the next, but the general flow direction is to the north, and becomes more northeasterly in the northern portion of the SZ-South area (Figure 4 from 2011).  The average horizontal hydraulic gradient has varied from about 0.007 to 0.009 foot per foot.  The flow direction, as measured in the second sand interval (Zone B), has exhibited little variation over the past 20 years, even though water levels have varied more than 20 feet (Figures 5 and 6 from 1992 and 2002, respectively).  


Contaminant Distributions and Pathways


Migration of contaminants in the subsurface is strongly influenced by the more permeable units and by the vertical hydraulic gradients.  Contaminant migration begins in the vadose zone at the point of release and then migrates vertically to the water table.  Migration of contaminants is then influenced by the horizontal permeability of the sand units and flows with the groundwater gradient.  Figure 4 shows potentiometric surface contours for Zone B and section lines for cross sections D-D’ through G-G’.  Cross sections D-D’ (Figure 7) and E-E’ (Figure 8) are drawn along the groundwater flow path from south to north.  Cross sections F-F’ (Figure 9) and G-G’ (Figure 10) are drawn roughly perpendicular to flow along Valley Boulevard and Nelson Avenue, respectively.  As noted on the well logs and cross sections, the thickness and areal extent of the sand units vary substantially across the SZ-South site area.  This has allowed for migration both horizontally as well as vertically to other permeable sand units as downgradient migration occurs.  These conditions also result in narrow zones of contaminant migration along the more permeable pathways.  Figure 11 illustrates an interpretation of contaminant distribution in a plan view across the SZ-South site area.


Historical groundwater monitoring results show that the shallow-most saturated interval beneath the property, extending from the water table to a depth of about 60 feet bgs (referred to as “Zone A”), contained the highest concentrations of volatile organic compounds (VOCs) and 1,4‑dioxane.  Graphs of historical VOC concentration data in selected wells are shown on Figures 12-1 through 12-8.  In 1992, 1,1,1-TCA concentrations were over 100,000 micrograms per liter (g/l) in onsite well W3.  The original onsite groundwater treatment system extracted groundwater from the shallow-most zone from 1996 to 2004.  The uppermost sandy portion of this zone dewaters during periods of drought, which limited sustained extraction from the onsite treatment system.  Vacuum was also applied to the onsite groundwater extraction wells, so as water levels declined, soil gas was extracted through the well screen.  The groundwater extraction program was just one aspect of a remedial system that involved soil removal and soil treatment followed by operation of a soil vapor extraction system from 1992 to 2007.


The trend graphs illustrate the impact that the onsite remedial system had in reducing VOC concentrations.  VOC concentrations in onsite monitoring wells W8 and W9 vary seasonally.  During the December 2011 sampling event, well W8 contained the highest 1,1,1-TCA, 1,1-DCE, and 1,4-dioxane concentrations of 5,200, 2,300, and 1,600 g/l, respectively.  However, VOC concentrations in well W8 were 10 times greater in the 1990’s, and have decreased by 90 percent from 1992 to 2011.  VOC concentrations in other onsite shallow zone wells, such as W3 and W10, have decreased by 99 percent or more from the 1990’s through 2011.


The presence of deeper contamination (70 to 80 feet bgs) has been observed since 1992 in the area to the west of the property in well W20.  In the early 1990’s, this well had TCE concentrations greater than 10,000 g/l which have since decreased more than 90 percent to 410 g/l in 2011.  In 1998, VOCs were detected in deeper well W11 (screened from 88 to 98 feet bgs), installed adjacent to well W3 on the property, but at substantially lower concentrations than in the shallower wells.  TCE concentrations in well W11 have declined more than 90 percent, from 190 g/l in 1990 to 18 g/l in 2011.  Evidence of deeper contaminant migration was also observed during a cone penetration test (CPT) investigation conducted in 2002 and a deep soil investigation conducted in 2004.  The 2002 CPT data, 2002 groundwater data, and 2004 soil sampling results are shown on Figures 13 through 17, which also show the varied stratigraphy of sand, silt, and clay layers at the property and the distribution of contamination observed at that time.  Boring CPT-6 was advanced in the vicinity of a former 1,1,1-TCA usage area and had the highest observed grab groundwater concentration of 1,1-DCE of 17,000 g/l at a depth of 73 to 76 feet bgs (note that 1,1-DCE is a degradation product of 1,1,1-TCA).  Since 2004, the only groundwater data collected from the former source areas have been from existing monitoring wells.  Confirmation sampling of the soil and groundwater beneath the former source areas is required to determine the amount of residual mass present there today.


During the December 2011 groundwater sampling event, the highest hexavalent chromium concentrations in groundwater on site were reported at wells W3/W11 (9.1 and 13 g/l, respectively) and W9 (18 g/l).  These wells are in the same location as the former wastewater treatment facilities identified above.  However, the highest copper concentrations in groundwater were reported in shallow upgradient well W5 (130 g/l).  Copper concentrations in groundwater remain below Maximum Contaminant Levels.  Cyanide was detected in three of the four existing extraction wells during a sampling event in April 2009 at concentrations between 16 and 37 µg/l.  Additional data for cyanide are required to evaluate if the system effluent of the planned groundwater extraction and treatment system will exceed discharge limits.  Figure 18 illustrates an interpretation of hexavalent chromium distribution in a plan view across the SZ-South site area.


Downgradient Migration


A series of wells were installed on Valley Boulevard between 1988 and 1994.  These wells were screened in four different depth intervals and are shown on Figure 9 along with other soil boring and CPT data.  Wells W12, W13, W15, and W16 are screened from approximately 30 to 60 feet bgs; wells W14 and W17 are screened from 85 to 95 and 75 to 85 feet bgs, respectively; well MW6-56 is screened from 120 to 130 feet bgs; and well W21 is screened from 152 to 172 feet bgs.


The shallow-most wells (≤60 feet) have exhibited a greater than 90 percent reduction in VOC concentrations between 1988 and 2011.  Well W17, which is screened from 75 to 85 ft bgs, has had relatively stable VOC concentrations showing little reduction over the past 20 years.  In December 2011, PCE, TCE, 1,1-DCE, and 1,4‑dioxane were detected at well W17 at concentrations of 71, 1,500, 1,400, and 170 g/l, respectively.  Cross section E-E’ (Figure 8) shows that the bulk of the contaminants appear to be migrating in a northerly direction in a sand unit at an elevation between approximately 230 and 220 ft above msl (about 75 to 85 feet bgs).  Cross section D-D’ (Figure 7) shows the interpretation that a similar northerly migration pathway also exists to the east of W17 at the same depth.  Well W14, located even farther east along Valley Boulevard, is considered to define the easterly boundary of this flow path because this well previously exhibited elevated concentrations but has declined substantially since 2005.  There are no wells on the property or on Valley Boulevard along this northerly flow path to confirm this migration pathway to the east of W17.  However, based on flow gradients and on contaminants detected in well EW2 at Flagstaff Street, the flow path shown on cross section D-D’ appears likely and is considered to be a primary migration pathway.  Wells W12 and W13 are located at shallower depths along this same flow path and have historically contained higher contamination levels.  Concentrations in these wells have decreased up to two orders of magnitude since they were installed.  Deeper vertical migration of solvents below 100 feet along this flow path appears to be limited by clay and silt layers.  CPT data, soil borings, and wells W21 and MW6-56 installed into deeper units along Valley Boulevard indicate substantial attenuation vertically in this portion of the SZ-South site area.  Further investigation will be necessary to confirm migration pathways and determine the western extent of contamination and the eastern contamination pathway migration north of the property.


Farther downgradient at Nelson Avenue, as shown on cross sections D-D’ (Figure 7) and G-G’ (Figure 10), the primary zone of contaminant migration is at an elevation of approximately 230 to 210 feet above msl (about 80 to 100 feet bgs).  Soil boring BH-2 indicates that only limited vertical migration of solvents has occurred below a depth of 100 feet at this location.  Still farther downgradient at Puente Creek, soil boring BH-1 and well S11 indicate that vertical migration of solvents has occurred to an elevation of roughly 180 to 160 feet above msl (135 to 155 feet bgs), and demonstrate that the primary contaminant pathway is at a lower elevation in the area near Puente Creek.  Further delineation and deeper wells will be necessary in order to understand pathways and contamination levels in these areas.


Other compounds, some of which are naturally occurring, are detected in the groundwater above Applicable or Relevant and Appropriate Requirements as defined in the ESD.  These include: perchlorate, selenium, nitrates, and total dissolved solids (TDS), of which only TDS may potentially be attributed to the Benchmark site.  Selenium, TDS, and nitrates are in the groundwater at concentrations that potentially exceed regulatory discharge limits, and  are found at elevated concentrations throughout the PVOU.  


Mechanisms of Contaminant Release


As previously described, the property operated as a printed circuit board manufacturing facility from 1955 through mid-1989.  The earliest documented use of TCE at the property was in 1961.  No specific releases of COCs were documented to have occurred during the operation of the facility.  Releases of COCs were assumed to be during routine operation activities described in the Sources of Contamination section above and shown on Figure 2.  


Releases of COCs were assumed to be from both fresh and spent sources.  Both new and spent solvents were stored near each other in above ground storage tanks (Area E) and transported adjacent to each other in the former utility tunnel within below grade piping.  The spent solvent was assumed to be a free-phase solvent and not mixed with water.  Based on previous investigations and remedial activities, the metals COCs were released from spent etchants.  Chromic acid was used during the plating process and neutralized in a chromium sump located between Areas A and B before being discharged to a nearby clarifier and then to the sanitary sewer.  Process wastewater containing high levels of copper was sent to a clarifier located west of Area D before discharge to the sewer.  These areas appear to have released chromium and copper at the property.


As previously discussed in the Contaminant Distribution and Pathways section, migration of contaminants in the subsurface is strongly influenced by the more permeable units and by the vertical hydraulic gradients.  Contaminant migration begins in the vadose zone at the points of release and then migrates vertically to the water table.  Migration of contaminants is then influenced by the horizontal permeability of the sand units and flows with the groundwater gradient.  As noted on the well logs and cross sections, the thickness and areal extent of the sand units vary substantially across the SZ-South site area.  This has allowed for migration both horizontally as well as vertically to other permeable sand units as downgradient migration occurs.  These conditions also result in narrow zones of contaminant migration along the more permeable pathways. 


Historical groundwater monitoring results show that the uppermost sandy portion of saturated interval beneath the property, extending from the water table to a depth of about 60 feet bgs (referred to as “Zone A”), contained the highest concentrations of VOCs and 1,4‑dioxane.  The original onsite groundwater treatment system extracted groundwater from the shallow-most zone from 1996 to 2004.  The vadose zone was remediated by soil vapor extraction from 1992 through 2007, which removed approximately 9,196 pounds of VOCs.  Evidence of deeper contaminant migration was observed during the 2002 CPT and 2004 deep soil investigations.  Proposed field activities will assist in estimating the mass flux of COCs currently leaving the property to evaluate the continued impacts on the downgradient plume. 


Previous investigations and long-term groundwater monitoring have not encountered dense non-aqueous phase liquids (DNAPLs) at the property.  Due to the interbedded nature of the stratigraphy, the presence of DNAPLs may have contributed to increased lateral distribution of COCs near the source areas.  However, as previously discussed, the existing groundwater monitoring wells have shown significant decreases in concentrations of COCs over the years, indicating the lack of a continuing source or the presence of DNAPL.  Investigation of the lateral and vertical distribution of COCs near the former source areas at the property will evaluate the potential presence of DNAPLs.


Contaminant Fate and Transport 


Groundwater data from downgradient of the property along Valley Boulevard appear to show the bulk of the contaminants migrating in a northerly direction in a sand unit at an elevation between approximately 230 and 220 ft above msl (about 75 to 85 feet bgs).  Aquifer testing was performed to estimate transmissivity of the saturated intervals at this depth at wells located farther downgradient on Nelson Avenue.  Additional aquifer testing has been limited to the shallow-most saturated zone on the property.  Based on the limited availability of aquifer data for the zone with the bulk of contaminants between the property and Nelson Avenue, an advective groundwater velocity value is not able to be estimated.  Investigation of the hydrogeologic properties downgradient of the property will provide data to evaluate the contaminant fate and transport.  


Chemical Degradation 


Historical chemical use at the property has identified TCE and 1,1,1-TCA as the main solvents used during operation.  Both of these VOCs are known to degrade to daughter products under certain natural conditions.  Anaerobic biodegradation will degrade TCE to cis-1,2-DCE and then to vinyl chloride, and 1,1,1-TCA to 1,1-DCA, cis-1,2-DCE, and vinyl chloride.  Recent groundwater monitoring show that the maximum concentration of cis‑1,2-DCE was 34 g/l when the TCE concentration was 1,500 g/l at the same well (well W17).  The maximum concentration of 1,1-DCA was 120 g/l when the 1,1,1-TCA concentration was 5,200 g/l at the same well (W8).  Vinyl chloride is not present at detectable concentrations in any of the wells.  Based on the age of the groundwater plume and absence of any significant concentrations of degradation products compared to parent compounds, anaerobic biodegradation is not a significant degradation pathway in the SZ-South under natural conditions.


1,1,1-TCA is also known to readily degrade through abiotic processes, creating 1,1-DCE as a daughter product.  1,1-DCE is also formed under a minor pathway during anaerobic degradation of 1,1,1-TCA.  Based on the lack of daughter products created by the major anaerobic degradation pathways, the 1,1-DCE present at the site was created from the abiotic degradation of 1,1,1-TCA.  In December 2011, the maximum 1,1-DCE concentration in groundwater was 2,300 g/l when the 1,1-TCA concentration was 5,200 g/l in a source area well (well W8).  In downgradient wells, 1,1,1-TCA was not detected while the 1,1-DCE concentration was up to 1,400 g/l.  The abiotic degradation of 1,1,1-TCA has been a significant degradation pathway.


Exposure Routes


Potentially Exposed Populations


Potentially exposed populations have been identified based on the location of the potential receptors.  For this CSM, two distinct receptor locations are considered (1) onsite receptors, and (2) offsite receptors.  Onsite receptors include:


· Full-time employees present at the location of the former Benchmark facility, including administrative and operations staff.  These employees are engaged in the everyday operation of the current warehouse facility.  They have onsite offices and work stations.  It is assumed that these employees work 40-hour weeks and about 250 days per year.


· Part-time employees, including specialized maintenance and operations personnel, present at the property in response to sporadic labor and specialized personnel needs.  It is assumed that employment duration for temporary workers is usually less than 1 year on site.


· Visitors at the property such as customers and contractors involved in ongoing maintenance and construction activities.  


Offsite receptors, such as offsite residents and commercial/industrial workers, are potentially exposed to chemical contaminants migrating from the property.  Offsite receptors include:


· Adult and child residents living within a residential development downgradient and in close proximity to the site


· Adult industrial/commercial workers at businesses located in close proximity to the site


· Adult construction workers (mostly excavation or underground utility workers) working in close proximity to the site.


Overall exposures for onsite full-time workers and offsite residential receptors are expected to be much higher than the exposures anticipated for onsite part-time workers, visitors, and offsite construction workers.  Therefore, only potential receptors with the highest exposure potential are described in this CSM.


Exposure Pathways


Onsite workers may have the potential to breathe vapor emissions migrating upward through and dispersing from soil and into the air.  Previous excavation and in situ remediation removed the potential for onsite workers to have direct contact with COC-impacted soil.  Thus in this CSM, the inhalation of vapors has been included as a potentially complete exposure pathway.  The exposure pathways evaluated for onsite receptors are presented on Figure 19.


The property is located in an area zoned for industrial and commercial use.  In addition, it is surrounded by light industry, commercial establishments, residences, and open spaces.  Therefore, potential offsite receptors include adult and child residents, as well as offsite workers.  The potential exposure pathways through which offsite residents may be exposed are presented on Figure 19.  The exposure media likely to be in contact with the potential receptors are discussed in the following sections.


Air Pathways: VOCs may migrate to the surface in the form of vapors.  Both onsite and offsite respirable air quality may be impacted by chemicals volatilizing from soils and groundwater.  Human intake factors such as characteristics of exposed receptors, inhalation rates, exposure time, and duration determine the potential dose received by an individual through the inhalation route.  


Soil Pathways: In addition to the inhalation pathway, humans can also be exposed to chemicals in soil through the oral and dermal pathways.  The oral and dermal pathways are of importance for chemicals with low volatility potential such as metals, semivolatile organic compounds and polycyclic aromatic hydrocarbons.  Humans may be exposed to chemicals in soil when they accidentally ingest soil particles (through food contamination with soil or repeated hand-to-mouth contact).  Oral intake of soil particles is known to be of special significance in children because they are known to spend more time playing outdoors and in some cases (i.e., Pica Syndrome) are known to ingest soil voluntarily.  Based on previous remediation activities (excavation and soil vapor extraction [SVE]) and site redevelopment, onsite workers and visitors are not expected to be exposed to impacted soil, and impact to surface soils does not extend off site.  Therefore, the oral exposure pathway is not considered to be complete for onsite and offsite receptors. 


The dermal pathway is especially important for onsite workers and visitors engaged in subsurface construction or maintenance activities.  The dermal exposure pathway is a relatively minor pathway for VOCs and metals.  Based on previous remediation activities (excavation and SVE) and site redevelopment, onsite workers and visitors are not expected to be exposed to impacted soil, and impact to surface soils does not extend off site.  Confirmation of the onsite dermal exposure pathway for subsurface construction and maintenance activities will be evaluated in upcoming investigations.


Groundwater Pathways: A downgradient extraction system is being installed as part of the PVOU remedial remedy to reduce impacted water reaching municipal water supply wells.  Water supply wells are also monitored regularly and have treatment to remove impacts to groundwater.  Therefore, the groundwater exposure pathway at the site is not considered complete for offsite residents.  


Groundwater in the SZ under the site has no beneficial value and it is not used for industrial processes.  Drinking water for the warehouse facility is obtained from municipal sources.  Therefore, the groundwater exposure pathway at the site is not considered complete for onsite workers.


Surface Water Pathways: Surface water monitoring conducted off site has demonstrated that offsite surface water bodies (i.e., Puente Creek) are not currently impacted by site-related chemicals.  For this reason, offsite residents and recreational receptors do not have direct contact with groundwater or with surface water that is known to be impacted by site-related chemicals.  Thus, exposure to groundwater or surface water is considered to be incomplete for onsite and offsite receptors.  


Receptors


Possible routes for human exposure generally include ingestion of chemicals in the transport media (i.e., soil, groundwater, surface water, indoor air, etc.), inhalation of airborne vapor or particulates, and dermal contact with chemicals in the contaminated media (i.e., soil, groundwater, surface water, etc.).


The evaluation of the completeness or potential completeness of exposure pathways is presented in the text above and is represented graphically on Figure 19.  Exposure pathways that are considered to be relevant for onsite and offsite receptors are data gaps that need to be addressed and include: 


· Onsite full-time and part-time workers


a. Inhalation of ambient and indoor air impacted by VOCs from subsurface soil and groundwater


b. Inhalation of ambient dust generated during construction activities


c. Inhalation of ambient VOCs from disturbed soil


d. Inhalation of indoor VOCs from the underlying impacted soil and groundwater


e. Ingestion, dermal exposure, and inhalation of VOCs and metals impacted particles that may be generated during construction or subsurface maintenance activities


· Onsite visitor


a. Inhalation of ambient and indoor air impacted by VOCs from the underlying impacted groundwater


b. Inhalation of ambient dust generated during construction activities


· Offsite commercial/industrial worker


a. Inhalation of ambient and indoor VOCs from underlying groundwater sources


· Offsite residential receptors


a. Inhalation of ambient and indoor VOCs from underlying groundwater sources.


Data Gaps


The following are a summary of the data gaps based on the information previously discussed.  Due to the complexity of the interbedded aquifer at this site, additional vertical and horizontal delineation of the COC plumes are needed.  These data gaps have been organized into three specific regions of the site to simplify the discussions of the specific gaps and needed information.


Source Area Investigation


Data gaps that exist beneath the property include the following:


· Vertical and lateral extent of residual COCs in the vicinity of the former source areas 


· Quantity and extent of residual mass still present beneath the site


· Geologic data describing the type of sediments and their thicknesses below a depth of 60 feet


· Hydraulic conductivity of the sediments greater than 60 feet in depth


· Hydraulic connectivity between units


· Carbon content of the geologic units to determine solvent partitioning properties


· Degradation and natural attenuation rates of the residual contamination


· Mass flux of contamination still leaving the property


· Migration pathways, in addition to the shallow sand units, that may facilitate contaminant transport.


Valley Boulevard


A considerable amount of investigation has occurred on or near Valley Boulevard to evaluate migration pathways and geologic information.  Nevertheless, there are some areas where data gaps exist.  They include:


· Lateral and vertical extent of contamination to action levels in the vicinity of wells W12, W13, and W16, and to the east of well W16


· Migration pathways in the deeper lithologic units in the vicinity of wells W12 and W13


· Extent and vertical distribution of solvents west of well W17


· Hydraulic conductivity of lithologic units


· Hydraulic connectivity between units


· Carbon content of the geologic units to determine solvent partitioning properties


· Degradation and natural attenuation rates of the residual contamination


· Mass flux of contamination still migrating across this portion of the plume.


Northern Portion of SZ-South (Nelson Avenue and north to Puente Creek)


A substantial amount of investigation and testing has been done on Nelson Avenue and Flagstaff Street.  Nevertheless, there are still data gaps in this portion of the plume.  They include:


· Regional stratigraphic dip in the area south of Puente Creek and the vertical distribution of contamination below a depth of 100 feet along Nelson Avenue, to assess whether the existing extraction well network is deep enough to fully intersect groundwater contamination exceeding 10 times the SZ Containment Criteria


· Vertical distribution and plume migration pathway in the vicinity of boring BH-2 on Nelson Avenue


· Vertical distribution of contaminants in the area between boring BH-2 and Puente Creek on Nelson Avenue


· Vertical distribution and plume migration pathway in the vicinity of boring BH-1 on Cadbrook Street


· Vertical pathways of contaminant migration that have allowed contamination to reach deeper zones at Cadbrook Street


· Hydraulic connectivity between units


· Carbon content of the geologic units to determine solvent partitioning properties


· Degradation and natural attenuation rates of the residual contamination in this portion of the plume


· Mass flux of contamination still migrating across this portion of the plume.
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SITE CHRONOLOGY





			Date


			Activities Performed


			Report Submittal





			June 1986


			Regional Water Quality Control Board (RWQCB) directed property owner and operator (Benchmark) to conduct a subsurface investigation of the property


			RWQCB, 1986





			January 1987


			Conducted initial site assessment that included 26 soil gas probes, two soil borings to 20 feet, and one Zone A (~30 to 60 feet) groundwater monitoring well (W1).


			Woodward-Clyde, 1987





			January 1988


			Conducted Phase II soil and groundwater investigation that included 23 soil gas probes, six soil borings to 10 feet, and three deep soil borings completed as Zone A groundwater monitoring wells (W2, W3, and W4).  A slug test was also performed in each of the three wells.  Results indicate hydraulic conductivities were between 15 to 70 gallons per day per square foot.  Depth to water during the slug tests was approximately 30 feet below grade.


			Woodward-Clyde, 1988a





			December 1988


			Conducted Phase III soil and groundwater investigation that included 26 soil gas probes, 16 soil borings, six Zone A and one Zone B (~70-115 feet) onsite monitoring wells (W5 to W11), and four Zone A and one Zone B offsite monitoring wells (W12, W13, W14, W15, and W16).  In addition, three of the soil borings were completed as soil vapor extraction (SVE) pilot test wells and an SVE feasibility study was conducted.


			Woodward-Clyde, 1988b





			April 1989


			RWQCB issued Cleanup and Abatement Order (CAO) No. 89-034.


			RWQCB, 1989





			February 1990


			Conducted additional soil investigation that included 16 soil borings (S-1 to S-16) to a total depth of 40 feet below grade to delineate lateral and vertical extent of impacted soil.


			Woodward-Clyde, 1990a





			May 1990


			Submitted soil remedial action plan (RAP) to RWQCB.


			Woodward-Clyde, 1990b





			June 1990


			Submitted results of contaminant transport modeling to evaluate soil cleanup levels to RWQCB.


			Woodward-Clyde, 1990c





			1990 to 1991


			Demolished all structures at the site beginning in 1990 and completed in January 1991.  Before demolition activities, asbestos-containing building materials were removed and disposed of appropriately.  The demolition activities consisted of removal of building structures, aboveground storage tanks, polychlorinated biphenyl light ballasts, underground product lines and underground utility tunnel, and disposal of hazardous waste generated during removal activities.


			Woodward-Clyde, 1992





			January 1991


			RWQCB approved soil RAP.


			RWQCB, 1991





			January 1991


			Conducted further soil investigation that included 42 soil borings to delineate the lateral extent of volatile organic compound (VOC)-impacted soil within 5 feet of ground surface.


			Woodward-Clyde, 1992





			March and April 1991


			Conducted soil investigation that included seven soil borings to delineate chromium-impacted soil in the vicinity of the chrome sump.


			Woodward-Clyde, 1992





			May 1991


			Conducted Phase IV groundwater investigation that included two Zone B onsite monitoring wells (W18 and W19) and two Zone B offsite monitoring wells (W17 and W20).


			Woodward-Clyde, 1991





			1991


			Excavated over 20,000 cubic yards of impacted soil including (1) metals-impacted soil (chromium and copper), (2) VOC-impacted soil within 5 feet of ground surface, and (3) VOC-impacted soil greater than 5 feet below ground surface from selected areas.  An SVE system was installed that included 30 vertical vapor extraction wells and four horizontal extraction wells to remediate the remaining VOC-impacted soil left in place using in situ treatment.


			Woodward-Clyde, 1992





			1992 to 2007


			Performed start-up and operation of in situ SVE system from 1992 to 2007.  The SVE system remained in operation to remove mass exposed during water table fluctuations and enhance groundwater remediation.  Operation of the SVE system removed approximately 9,196 lbs of VOCs during operation at 34 vapor extraction wells.  In 2001 system cycling began until the system was finally taken out of operation in 2007.  


			Orion, 1997, 1999a, 1999b, 2000, 2001; TRW, 2002; Northrop Grumman, 2003, 2004, 2005, 2006, 2007, 2008





			April 1993


			Conducted Phase V offsite groundwater investigation that included 2 Zone B and 3 Zone C (~150-180 feet) monitoring wells (W21 to W25).


			Woodward-Clyde, 1993





			April 1994


			Submitted groundwater RAP to RWQCB for groundwater extraction along northern property boundary.  Transmissivity determined from a pump test at onsite well W9 was 112.2 gpd/ft (0.1612 cm2/sec).


			Woodward-Clyde, 1994





			September 1994


			RWQCB approved groundwater RAP.


			RWQCB, 1994





			1996 to 2004


			Performed construction, start-up, and operation of the groundwater treatment system (GWTS) designed to treat VOC-impacted groundwater along the northern property boundary of the site.  Operated five groundwater extraction wells and removed approximately 40 million gallons of groundwater and 428 lbs of VOCs.  In 2002, groundwater levels had decreased from an average of approximately 30 feet bgs, as measured between 1995 and 1999, to a low of approximately 42 feet bgs.  The daily extraction rate of the system had declined by 50 percent compared to 2001.  Operation during 2004 to 2008 was intermittent due to decreasing water levels.


			Orion, 1997; Orion, 1999a; Orion, 1999b; Orion, 2000; Orion, 2001; TRW, 2002; Northrop Grumman, 2003, 2004, 2005a





			July 1998


			Submitted closure report for vadose zone soil at the property to RWQCB.  Report summarizes soil remediation activities from January 1992 through December 1996 and includes historical and final confirmation data supporting closure of vadose zone soil.


			Orion, 1998





			September 1998


			The RWQCB issued a no further action letter indicating it “will not require any further soil investigative and remedial work.”


			RWQCB, 1998





			December 2002


			A deep source area investigation was conducted to assess (1) the lateral and vertical distribution of VOCs and 1,4-dioxane in groundwater between depths of about 55 up to 94 feet below ground surface (bgs) and (2) the lithology to depths of 75 to 94 feet bgs at the property.  A total of eight cone penetration test (CPT) borings were drilled on site.


			Orion, 2012





			July and October 2004


			A deep soil boring investigation was conducted to assess (1) the presence of VOC-impacted saturated soil near former source areas on site and (2) the potential for migration of VOCs (including dense non-aqueous phase liquid) from the site toward offsite well W20.  A total of six soil borings were drilled on and off site.


			Orion, 2012





			2000 to 2004


			Detected 1,4-dioxane in groundwater monitoring wells on site in February 2000; the GWTS was subsequently shut down.  Installation and start-up of an advanced oxidation system was conducted in December 2000 to treat 1,4‑dioxane as well as VOCs in the groundwater. 


			Orion, 2001





			February 2005


			RWQCB issued supplemental requirements to the CAO to require (1) a groundwater treatment system at Valley Boulevard to address the 1,4dioxane impacts and (2) expansion of the system to include regional Puente Valley Operable Unit (PVOU) shallow zone extraction wells S8 and S12.


			RWQCB, 2005a





			June 2005


			Submitted groundwater RAP to RWQCB to address groundwater remediation along Valley Boulevard downgradient of the Benchmark site, as well as the integration of regional PVOU shallow zone extraction wells S8 and S12 into the system.


			Orion, 2005





			August 2005


			RWQCB approved RAP.


			RWQCB, 2005b





			October to February 2006


			Submitted field investigation report summarizing the field investigations conducted since the approval of the RAP and documenting the technical rationale for relocating a portion of the proposed offsite extraction system (i.e., the Valley Boulevard wells) to a location farther downgradient.  Field investigation activities included:


1. Installation of two cone penetration test (CPT) borings (BMCPT-1 and BMCPT-2) to confirm the lateral extent of the plume in the 90- to 100‑foot Zone B interval along Valley Boulevard.


2. Installation of a pilot borehole (PH-1) on Valley Boulevard to confirm lithology and design of the extraction wells.


3. Performing short-duration well yield tests in Zone B groundwater monitoring wells W14 and W17 that indicated the interval could not sustain extraction rates of 5 gallons per minute (gpm).


4. Installation of two piezometers (PZ-1 and PZ-2) adjacent to wells W22 and W24 on Flagstaff Street to conduct vertical delineation of impacted groundwater.


5. Performing short-duration well yield test in well W24 with a drawdown of 2 feet while pumping at approximately 16 gpm.


			Orion, 2006





			March to December 2006


			Submitted groundwater extraction well installation report summarizing installation activities of the offsite extraction well network that were conducted from March to December 2006.  Field activities included:.  


1. Conducting lateral assessment of groundwater impact by (1) sampling existing wells EPA-MW-7 and W25 and (2) collecting groundwater grab samples at three CPT borings (BMCPT-3 through BMCPT-5).


2. Drilling, installing, and sampling five groundwater piezometers (PZ-3 to PZ-7) to approximately 100 feet below grade to confirm hydrogeologic conditions and monitor water levels and water quality during aquifer testing.


3. Drilling four pilot boreholes and collecting soil samples for sieve testing and grain-size analyses for well design.


4. Drilling, installing, performing aquifer-testing, and sampling four groundwater extraction wells (EW1 to EW4) to approximately 100 feet below grade.


Results from the field activities and aquifer test analyses indicate the following conclusion:


1. Transmissivity based on pump tests in the extraction wells on Nelson Avenue ranged between 4,800 to 16,100 gallons per day per foot (gpd/ft; 6.9 to 23.1 centimeters squared per second [cm2/sec]) with an average of four tests being 12,175 gpd/ft (17.0 cm2/sec).  


			Orion, 2007





			May 2010


			RWQCB issued a letter to implement the lead agency transfer to the U.S. Environmental Protection Agency (USEPA). 


			RWQCB, 2010





			September 2011


			USEPA issued Unilateral Administrative Order No. 2011-14 requiring Northrop Grumman to perform shallow zone groundwater remedial design and remedial action south of Puente Creek for the Puente Valley Operable Unit.


			USEPA, 2011





			April 2012


			Northrop Grumman submitted the semiannual groundwater monitoring report for sampling conducted in December 2011.  Groundwater monitoring reports have been submitted since wells were installed in 1987.  This report and previous reports contain a summary table of the historical groundwater data from 1987 to present.


			Northrop Grumman, 2012
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